A significant amount of world trade has been carried out by maritime transportation. In 2016, world maritime trade volume increased by 2% and reached 10.3 billion tons, 55,057 global ton-miles. There has been a significant increase in quantity and tonnage of tankers, with the requirement for well qualified and experienced personnel in the maritime industry.
Introduction
Tankers (crude oil, chemical, product and liquefied gas tankers) have a significant market share in the world maritime trade [1] . ISM Code provides a good safety management culture, but its implementations still have some concerns which have been seen during vessel inspections [2] . These concerns are revealing the necessities of new inspection system developments. Bridge Safety Support System (BSSS) was developed to eliminate these concerns.
The frequency of accidents in a system is an indication of the system safety [3] . From this point of view, it can be understood that safety requirements which determine the ISM quality of a ship are mandatory components. However, reducing the measures of these requirements leads to lower quality as well as bringing several risks together. The basic requirements to ensure the safety and security of ships are as follows [4] :
• Ensuring that ships are constructed and equipped as required;
• Ensuring that ships are prepared for sea operations;
• Providing basic navigation conditions for safe and secure operation of ships at sea; • Ensuring that ships can independently operate safely and securely at sea;
• Equipping ships with reliable alarm systems and providing assistance to them;
• Ensuring the anti-terrorist security of ships and port facilities.
The percentage of substandard ships is estimated around 10% -15% by Organisation for Economic Co-operation and Development (OECD). The industry solution for this issue is to perform vetting inspections on tankers [5] . However, tanker bridge inspections have to be performed in order to enhance the profitability of maritime trade, environmental awareness, and human safety. The objective of a bridge inspection is to identify the administrative and operational faults, deficiencies and nonconformities and find the most efficient solutions. During these inspections, it will be examined if a ship has the required procedures, rules and policies during navigation, port period, anchorage, and berthing/unberthing maneuvers, and they are put into practice or not.
In this study, only bridge inspection is discussed because entire ship inspection consideration requires a much more comprehensive study. When the reliability and acceptability were proved for this approach method, it can be applied to other vessel components. Thus, with the evaluation of the individual systems, it is possible to recommend a complete inspection of an entire ship.
Until recent days, there hasn't been any weight given to the deficiencies which were found on ships, and all of them were considered at a similar importance level. Nonetheless, most of the inspection assessments usually included subjec- 
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Profitability is one of the most important criteria in maritime industry as it is in all industries. Income and expenditure tables need to be well calculated to ensure the continuity of profitability. In order to obtain a continuous income, maritime operations must be carried out according to national and international regulations. And, it is imperative to follow a cost strategy in accordance with these governing rules.
Safety culture is a structure, consisting of the combination of the rules and attitudes of individuals and organizations that determine the cost expenses of a transportation company [8] . However, ship safety has a significant impact on improved costing models. If an exemplary model is considered, it appears that cost estimates are composed of the following main components [9] :
• Vessel Data;
• Management Data;
• Chartering Data;
• Fixed Cost Data;
• Voyage Parameters;
• Variable Cost Data.
Safety performance of a ship is being measured by loss type statistics such as injuries, loss of lives, property damage, loss of time and improper operations etc [10] . Therefore, factors such as human, safety management, navigation errors, and environmental conditions are indicated to determine the safety indicators of tankers [11] . The human factor is one of the most important decisive criteria for Ship inspections have to be performed to find out if all parties are following required technical requirements. However, the main purpose of a ship inspection is to decrease the deficiencies drastically and permanently. As stated previously, there are some concerns about auditor independence during inspections [15] . However, inspections sometimes may be carried out in a more detailed way in some countries other than the others [16] . This situation usually creates an unknown situation, and even an unfair market.
Bridge Operations, Risks and Root Causes
Bridge systems are generally designed to operate independently of each other to prevent interference in the event of an equipment malfunction. However, there are some systems that need to be connected and synchronized with each other on the bridge to perform proper maneuvers.
Navigational operations have high-risk factors due to the combination of many factors, and negative consequences of these operations can cause major damages. For example; it is not the only danger to strand due to trim and squat, but also the loss of maneuvering characteristics as a result of the fluctuated hydrodynamic forces on the hull that can lead to sea accidents, depending on the size of the ships [17] . However, ship domain is one of the most critical information due to avoid collisions [18] .
The maneuverability of a ship is affected by many factors both externally and internally. External factors that affect the maneuverability of the ships are: shallow waters, winds, currents, waves, marine vehicles, and land structures. Internal factors are; ship speed, vessel structure, propeller, and rudder systems [19] .
The navigation process is divided into the below sub-processes [20] : • Voyage planning;
• Steering, maneuvering and avoidance of dangers;
• Monitoring the ship's route, and environmental conditions;
• Revision of the route and considering other necessary actions when deemed;
• Recording navigation data.
Berthing, unberthing and ship to ship operations are among the most difficult and critical operations for large tanker operators [21] . The speed of the vessel is one of the most important factors in such operations. The speed of a ship, which is determined by considering external factors such as winds, currents, waves, and depths, should provide the safest maneuverability as indicated in the study of Roubos et al. [22] . Recently, navigation risk level is increasing due to growing vessel number and volumes, shore facilities, and commercial concerns [23] .
Therefore, the importance of risk management is becoming more critical under these ever-growing conditions.
Risk management is the chain of coordinated activities designed to control the risks that can prevent to achieve a successful outcome [24] . Risk management should be associated with the identification and strengthening of conditions which represent the basis for the successful operation [25] . Maritime risks can be classified as follows: Equipment Risks, Operation Risks, Environmental Risks, and Third Party Risks. These risks can lead to disastrous incidents such as loss of lives, environmental pollution, or ship loss. According to a conducted survey, the rating of the factors leading to ship loss is shown in Figure 1 [26] .
The implementation of various management strategies to provide human safety can significantly reduce accidents significantly while carrying hazardous materials [27] . According to international conventions, there are five components to ensure human safety at sea, which is more important than ship loss [28] :
• Human Resources (requirements);
• Shipbuilding (requirements and equipment);
• Operation (operation of management personnel);
• External Factors (structural);
• Management (coordination of the above four components).
Safety leadership on a ship is a critical element in maintaining a safety culture.
According to a survey study, the most important three items for safety leadership are; shared participation, creation/configuration, and information [29] .
However, two potential improvement methods have been identified to maintain safety culture; inspection, and deficiency follow up [30] .
Over the past decade, Nautical Institute has investigated collisions and groundings that are related to human errors with catastrophic consequences [31] . In that study, it was revealed that 60% of events were directly related to human errors, and a large proportion of these events were outside the Vessel Traffic Services (VTS) areas [32] . The most common causes of human errors in tanker operations are as follows [33] : Figure 1 . Rating of factors leading to ship loss.
• Fatigue;
• Insufficient communication/coordination between pilot and bridge crew;
• Insufficient technical knowledge.
The deficiencies which were found on the bridge are mostly related to the navigation of ships. These deficiencies are usually associated with task errors such as pilotage mistakes, lack of ship position, wrong maneuver, equipment misuse and misunderstanding of surrounding vessel intentions. The deficiencies linked to the task error on the bridge are shown in Figure 2 [34].
Weighting of Deficiency Sources
Working with an experienced and well-trained crew, ensuring safety orientations, developing appropriate safety goals/vision, and an effective learning system are critical for the safety culture of a transportation company [35] . Therefore, ship deficiencies are divided into five main criteria as per indicated in SIRE;
Crew, Equipment, Company, Structure, and International Safety Management. Table 1 (K = Comparison, λ = Arithmetic mean of Matrix 2).
The following equation was used for pairwise calculations. 
n: number of criteria to be evaluated, ci: i criterion; aij: importance of i criterion to l criterion, aji: 1/aij and aii: 1. The following equation was used for Consistency Index (CI). After calculation of Consistency Index, Consistency Ratio (CR) should be calculated with Random Consistency Index (RI).
weighted sum priority
Masters, Chief Officers, Deck Officers, and Superintendents consistency checks were calculated in Table 2 .
Random Consistency Index (RI) is shown in Table 3 .
The arithmetic means of survey results are shown in Figure 3 . The number of blues columns indicates the number of people who answered in the blue region.
Mean of blues indicates the mean of points in the blue region. The number of reds columns indicates the number of people who answered in the red region.
Mean of reds indicates the mean of points in the red region.
AHP arithmetic means consistency check was calculated in Table 4 .
The arithmetic weights were calculated in Table 6 for Crew Score subcomponents and weights, and Table 7 for Equipment Score subcomponents and weights.
Development of Bridge Safety Support System (BSSS)
The BSSS calculations are based on the following equations; 
There are eight criteria were examined by the Crew Scoring Model. These criteria are: total sea service time for current company, total service time for current rank, total service time for current type of tankers, total service time for all types of tankers, total service time for the current tanker, total sea service time, education level, and vessel detentions during sea service periods.
Maximum Crew Score has been calculated as 314.767 according to the theoretical scenario, and Minimum Crew Score has been calculated as 5.467 according to the theoretical worst scenario by Crew Scoring Model.
Maximum Equipment Score has been calculated as 98.496 according to the theoretical best scenario, and Minimum Equipment Score has been calculated as −98.496 according to the theoretical worst scenario by Equipment Scoring Model. For instance, a real situation tanker Equipment Score calculation is shown in Table 8 , and Crew Score calculation is shown in Table 9 .
Each deficiency identified during the ship inspections has a Deficiency Effect Score. Deficiency Effect Scores are calculated with six subcomponents. These subcomponents are; probability of loss, probable loss consequence, frequency of deficiency, degree of importance of deficiency, root cause and deficiency correction time.
BSSS subcomponents and the best/worst scores are shown in Table 10 .
Vessel Quality Score is calculated with five determining factors in accordance with their weights. Vessel Quality Score calculation is shown for best/worst scenarios in Table 11 .
Vessel Performance Score is calculated by "ISM Inspection Score" in combination with "Deficiency Effect Score". Vessel Performance Score calculation and
Final BSSS score for best/worst scenarios are shown in Table 12 .
A tanker bridge inspection was performed to validate the rationality of BSSS.
The results of this inspection are shown in Table 13 . Final BSSS Score = 542.13.
Conclusions
Some conclusions were reached by analyzing the arithmetic means of the pairwise comparison survey results:
• The ISM criterion has the 4th-degree superiority to the equipment criterion. This indicates that it is possible to have the correct equipment aboard ships with a good ISM system; • The Company criterion has the 4th-degree superiority to the equipment criterion. There is always pressure on maritime companies due to their responsibilities, and this pressure is considered by seafarers as a superior criterion in order to provide the right equipment;
• It is observed that there is no superiority between ISM and Company criteria.
Development and implementation of ISM system are directly dependent on the human factor, and determination of any superiority between them may lead to various problems;
• The Crew criterion has the 5th-degree superiority to the Structural criterion.
Considering that ship gears and equipment must meet certain standards, their proper usage is directly dependent on the ship crew. This situation is a sign of the importance of working with a qualified crew;
• The Crew and Company criteria do not have any superiority to each other.
No superiority is determined because a company has the greatest power in choosing the ship crew and appropriate ISM system applications.
The difference between the best and worst final BSSS score is 3631.88. This variance can be classified according to specific safety margins by decision-maker authorities such as Major Oil Companies (MOC), Port States, Flag States, Classification Societies or Insurance Companies, such as Protection and Indemnity (P&I), or Hull and Machinery (H&M).
Some authorities may restrict a ship from any movements due to the BSSS system scores. For example, a major oil company may refuse a ship due to crew score, a port state may not approve the passage of a channel due to the structure score of a ship, or an insurance company may determine the insurance premiums according to the BSSS scores.
